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GALLIUM NITRIDE CRYSTAL SUBSTRATE, ITS PRODUCING PROCESS, 
GALLIUM NITRIDE BASED SEMICONDUCTOR DEVICE, AND LIGHT 

PROBLEM TO BE SOLVED: To provide a process for producing a large area gallium 
nitride crystal substrate having a low crystal defect density by utilizing silicon single 
crystal having a low dislocation density, excellent crystal quality and a large diameter as 
a substrate, depositing a gallium nitride seed crystal layer on the surface thereof and 
then forming a gallium nitride crystal layer thereon. 
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5 ot~i\i i i 50t©iit-fe5, <fc 9 {& ?s go ,1$ 8 o o °c ~ #*j i o o ottroift 

Iit50^1f5 ( an * A (cub i c ) © i <b ^ A S a B a I ?r ^ 5 i; li > ^ ^ /u 

ai i- 5 o 

[ 0 0 2 2 1 

mmO^^^SSAS^I-feoTtt, 8 0^mBJ:t*»4 5 O ^ mHT i t5 W^IU 
V^o * , tgl OOmmOiXVeiSKlOyVftlilllAliOift^g^AilA 
€ t? ft , »300^m!JlJ:1?|j 700(imKTit5©#aiUV^ f ft ^ ^ A ell 
<0 Jl J¥ 14 , /W KVPEft^tfe5ftffij*ft-Ctt, #*■*!«]*: ffltP-fSr.*.;: tfeoT 

SSI « T- # 5 . Bfa-rsSI«**v*B:ffijSt*0>3*fls2fy A IS B B a i # 5 C ll > g H# l;i «£ 
«i4*(+4--f5JFI«i»S:*JP (dop i ng) t5„ 0IJ x. 14" , Wfi^tufc *G03£g? (S i 
) t*»LTnf ©gittOtft*!) ngSI«r«*^t5. t<U P 7 A J* A € O * 

■ryr»«-^»tt**tt, - » tt ft # - a< (Ha i i) 3Sm9j£i£^>SJWc-v ( « s - 
« BE ) Bs«*KHS0«|JgT?#3. 

[ 0 0 2 3 ] 40 
aHfc # y * A A » © Jfc « «: £ -B: fc * * ^f*i^A««^«iJ^tf, iS^^-^^v^^ 

its: t- b& * 5 „ ii^essrxyf ^ ^tsjitsicfi, 7 y -ft 7k m m (hd £ k ( 

HNO3) fc^E-CSS. 7 jy <t * iR » (HF) -&m ( H N O 3 ) M 

& m \c z mm m & ih <n mm <n ^ v ^ ^ y m & n to m x v & ft z o * tz , k ? -r (d r 

y) ^•y7 % v ; /#i9:#|c:fe"5|^*i-^ 1> '0iijx.« x H i£ it $1 §g ( B C l 3 ) ft co /n n y V 

\tm % mm-r 5 7° 9 x t ( P 1 a sma) ^^>-7*#i&ic#e'7i&*T*#.5 < , * fc r* , ^ 

-f-^^-^K (d i amond) , £HL; ^ Pit (S iC) „ IftlH^ ( B N ) j& I W4 gMfc 
fti*fc, ^WJiSir LTJt«L-/c^A®g^y il 1 Sr f t T L T t> « 

<t . m m t y v t # t? ^ a « a y > it m m m a s ^ ^ w ft ^ « « # m ^ * , ^ 50 
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^ 2H p d p (C ft S ?S 5£ 3i y * V if ^ IS: J; 9 fc . 7"7X^3iy^v^^g:^W8']*lft^*lJffl L T 

m * i" £ <r> ffi fi: -e fc 5 „ 

[ 0 0 2 4 J 

Bi:-*«ntn^-? s> * (ohmi c ) tiir^it, mm±<D , ^jt^^d^fcae 

tgjtffomJS;S-h(c^t&^rro1l^403^-5s/^m^$:g2BLTLEDS:^^^4LD?r«^£T-# 

JiK^a^frfcglbtfy^A-^V^^A^ftJf (Ga x In,-xN:OSXSl) * 
l^tfTlitillHaiS^y^^ (FET) irtef&X'ZZ. mmtV^kirStt io 

mmm t y > itm m & & m t * ft & z & x w> v tz * m w iz & & z> m it # v n^sn^ 
te<(t*afa«/b*v^<»©iB4tt»c«4xt:v^4. r. © /t ft , * ^ tw ta « <d ^ & » ^ u 
fc g it # y t^i&ghm&mmk ^xmm-rnn. jB0fW4iETfio/><e^LED<fo« 

3£ i!f . ^ <^ fi P§ ® St (da rk curren t) ri* <6 ® $ ix T 7 > -> ^ (a va 
1 anche) I * fc It P I N ft* SS * I: t 5 # 5 . * » > 3 y h 

* - (Schot tky) M^-h (ga te) m IS © & (1 eak) « S£ £ «I frJ i" 5 
K S* * S: * If 5> ix » (gatep inch-off) 4* {C ft *l , Bl^ 

HSn^^^^^^. (BflPK g „) <D->3yh*-»-&ffiFETSr»*i-5^*#Ui<tS 

o 

[ 0 0 2 5 ] 20 
[ flsffl ] 

J£ IK * ft S « i: ^ 1b y neilicfltSitS^ lit y ^^tf^Sf Hi 

. iii l t s it 5 y >- itm m m & m r. x* w. <t # v <?j»mikmkmmmi&&mm.k<D&* 

tti. 
[ 0 0 2 6 ] 

*B«fc*SrK»-tfcS*miSJiS*Ett. <? J» & 3, M & $ tt Jc m <0 I" ^ 9 J , «. S 

[ 0 0 2 7 ] 

[ * m ] 30 

( jr i n js tt ) 

mm (si) * is a * « _h k , sfl^ty^i^-^tp^fBKst^i^tDyvfbii^^pis 

t^^LtlSS^^fctft^y ^AfSiliSri (seed) ifitLT> £ fe * © JL 
[ 0 0 2 8 ] 

ssioicit, mm (b) **iipufcpjg-cfcs, ii2^f» {111} -mmm 
i» » * ffl ^ fc . r.©3^**«*»«©aai-c©H:»tt (ism^) ii 1 x 1 o - 3 - a 

• t V f- ^ - h ;W ( Q • cm) ffcofc, Sfc s ffi a* ^ ffi (mi r r o r) C I § $ ^ 40 
» lli) ! ft«it»;i (a s-l app i ng) X' fc -5 J£ Ui * ft £ « © ff $ 1* 3 5 0 m 

[ 0 0 2 9 ] 

^m*Mft*«i 0 1 © {1 1 1} - * a ± k: »± , -SEE ( » * « ffi ) ( 

MOCVD) # IS £ f IJ ffl Lt , HI! £ (B) H> (P) Uttf*SSI10 2i*8L 

. ^ft»^io2«4, hv^T-^mm ( (c 2 h 5 ) ,b) zmmm k l , * , * * 

7 * > (PH 3 j 5; y Vli Lt> 4 5 OtfiSILfc, MOC VDSSi^C$fitr=1 

icM-(t5«ai^^ic^-r?,yvfigco«^tt;^ (ph,/ (CaHs) .BMXJt^. -r*t> 

*> V / I I I tfc*) tt v ifi3 OCgg Lt„ #AKll 02Oiffl45nmiLft. 
[ 0 0 3 0 ] 50 
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^faf I l o 2±l:ii, lEtlBl-roMOCVDfttftijyyjkli (BP) gSH 

0 3 ?rit»$tfc 0 y v itm m m a ji i o 3 « , h u /ng ( ( c 2 h 5 ) 3 b ) £ 

If it L> * fc , * * 7 V (PH 3 ) !) yjSi Lt> 1 0 5 0 °C X' tiLt. fflg lit 

i^ic»-rsy>ai<o#t^it* (v/i i itt^) 14 , » 1 3 o o it, * -v y r # 

* LTffl^fc7KS!i#*COj5fD4J4 1 6 V y Y >V / ft t L- „ V V ft fll Df *S S S 1 0 3 CO M 
Jf:i4 5X10~ 5 cm (=500nm) £ L „ * 3$ 4fc> £ Sfe ;g IC AQ L ft V > , /5r II , T >" 

K — "f (undope) tit'f^Lf: !) yfkli^fai 1 0 3 14 p f <Og# 4r 1 L fc „ 
^O^t !)rfSlitfitfi2 X 1 0"c m- 3 ffcoft„ 
[ 0 0 3 1 ] 

!/ yftliMall 1 O SiCli^ MOCVDfg|:ftO - ^ ft # y -7 A ( G a N ) 10 

1 1 O 45:i|i$tfc 0 tfti? y>Afg a B B I 1 0 MJ^f/^Dn ( (CH 3 
) 3 G a ) ZtfVVJ>>mkL, * fc , 7 V * = T ( N H 3 ) Irf iHt LT> 1050^ 

T-±t«b/c 0 ^fy^A«fcit-r5«*ssi«>tti&ik* (v/i i i itf) mi. 2x1 
« «? >>w k 7 -r KvPEfacft!), j* sn <o g ft # y <> j» %i & m & mm 1- z> m <d m (s e 

e d) »Sait5t6©tfll*!) ? A « fl, J§ 1 04©fJ|li 3 2 O n m i L fc „ ^Ul) 
SrSfe*Kl*JaU*V^ % 0f ■ H TV K — ~? (undope) tt tt "C J* L fc . tft^D ?A 

mm&m 1 0 4<o*at»T iivigssfii o 1 fc^iaiaflKDajjeKUfriPi^ 

MOCVDI1J; 9 fl- SB K 9 tfc. 
[ 0 0 3 2 ] 20 

CO {1 1 1} &£kffi-t)>bMl$.£ftT^Z><Dtf^£ntz 0 * fc, BrSTEM&ffitC&SttiR 

-c « , y vftiiMsi 1 0 3 wrtsctu, iff ^ B B a Sfi 1 o 1 i y yftiiMaii 1 

0 3i©ftf^S^tgBt5S^7-fy fgtttt»ifag^ti/j:A>ofc, — tj -e , y >- 

(111) JgJ|#flfc.C»ofc8tJi$:R6 (stacking f a u 1 t s ) £ fc 
{4 {1 1 1} feMttS&lBl&fcti-ZMMi (twi nn i ng) <Dft$E7t)im£>btltz 0 r 4x 

B^*t*v^t*si*ixfc. * it, m. it a v * a m m a m 1 o 4 « , y yftis^ii 1 0 
3 co {1 1 1) mm ^zam-t z> {1 1 0} mam<Dte*mMk&m*e<o**feik&*i-t-& 

( 0 0 0 1 ) gBlIA^i^SnStOt^oTV^fc. 30 
[ 0 0 3 3 ] 

ife^P fAiffiSI 1 o 4±i;i± > # y -7 A (Ga) /rv^e-r ( N H s ) ( 
H 2 ) RSJl^'f K7>( KVPEfSiai), mittf D -7 A ( G a N ) g^l 1 0 5 S:* 
9Lt 0 ifc* y iJ'Aftfil 1 0 5tt, 1 0 5 0 °C "C *t L /c „ ift#y f Aigfag 1 0 

5 <d m m & ifa i 5 5 v m m m \^ it 1$ m. X- mm & t& t & it it * * <o . ^5 5 otois 
£ , rv* iT^se^flcsi loo, ifc#y ^A^fai 1 0 5 itfcsioia 

S 3r 1$ T £ it „ ^*Biai$cofift&, & *P L & , (1 1 1} -l**giS« 1 o 1/ 

# B e B « JI 1 0 2 / {111} - ^ftlllalll 0 3 / (0001) - t ft * !) jr A t 
*£ iH Jf 1 0 4 / ^ ft # y !7 A ig & ® 1 0 5 75>b&5«Jf#:i OSr^-Y K7-f FVPEii 

i^ai-SioaiLfc. t^»iHii)fffitft^tf> ift^/y^Afeiiiostt, (000 40 

1 ) 7J ft (C IB ?U L fc * * B B B CO ^ A- y S£ S CO m i& JI T- fc o . llfgiSS 1 0 1 t !) V 
tffll5ffi:£^tf# B E B f|Jl 1 0 2 £ L T , U V ft M m *S A M 1 0 3 3ri9:it5fll/&i: Lfcfc 
JO, ^^¥^^S«10l75^coy>'ftll*ig B 3 B jll0 3cof"]g|f4BiOe.H^A^ofc 0 * 

, y >- ft « at & a jg i o 3 t com.it a y nissi 1 o 4 tostttuift-fcofc 

o 

[ 0 0 3 4] 

^co^, «ifi:i 0(OSfi?r/j:tii*iSalS« l 0 1 *KT-S)Stfc„ ii*i£SI 
10 114, 7yft*if (HF) t«S (HNO,) tCO^-g-^T'^3'^Vi7'LT^*b 

fc . ^com, g«*iatii!t#u 1 *Afli i o 2 i, y yftfflsnfefai i o 3 i: , m 

ft7?y ^Al^f a Il 0 4fcJ;t;ift#y 7AifeSi 1 0 5 ^S#^tfc„ Jifc 1C, & A ft 50 
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■ 1 0 2X15!) 1 O 3 Sr^-f 7* y K (d i amond) St^rftffl LT 

WSLTfifc^Lfc. Hfc^/ U Afef B i 1 0 5 « f H li > & it ± V J* <V & %L X 
SlffilCWJtLfc. illCi 0 , Hk^f!) Afeali 1 O 5«$ISC0f 5 ,i mCOiH 

A* (Ha 1 1) ^ffflKffit l l]$$ix2.^t!J7aSS:i|S)8xio"cni- J i:t5S 
£ *s JlS 1 5 0 n m<D n B^itX I) !?AJ|l»ft*«Sr«iSUfc. 
[ 0 0 3 5 ] 

IrlTEMftjSCftSllfli. y 5" ffl HI A Jf 1 0 3 k m& L T ^ tzm.it a v <> j*m 

g a B B f 1 O 4 ©fit {111} - y Vftligii 1 O 3£OtSII^gf5 {1 

i o } m a a t (oooi) -mittfv<}j*m}&£hmio4<Damte : ¥-femk(D-frWcicm 10 

HUT, ^2X10 5 cm- 2 t{g;5B*r-$3ofc 0 *7t, Ift^HAgSI 1 0 5fflg 

* fiE © ft ft ^ y »A*Sii£««:«*-C#fc. 
[ 0 0 3 6 J 

( » 2 £ it m ) 

m^x * * <o ± \c mm v in & <t # 0 <> j»*n§,m*>b&it# » ngaus^sitsi^ 

[ 0 0 3 7 ] 

y ^ (p) ?rSJDLfcnf © {ii 1} -mmmmgkmm<vmm\z&tftzM<7)mi$.$:m2 20 

K: « 5*; W u: * i" . S**«il«fioi«i42-f yf-e. 14 3 5 o M mtfecfc, SI 1 

0 6<DSii:^fffil4 5fe*gi51 0 6 a •£ V ^ i: L it <D T? , lOfll 0 6 b{4^4 x 1 O 
"'craHt. * tz , tl 0 6«SJll«l 4 0/imt L, i 0 ^ 5 f W P^i 1 0 6 c 
i-tm 0 . 5 c mt Ufc. 11 0 6IJ, B2Cf tft< , i**8fiS«© [1 . -1. 0 

1 ilSA^teXtf-tJxfcafffc C - 1 - - 1 ■ 0 ] * ft © » o -C & Vt «S P«1 Pi ( = 0 . 5 
cm) T- % Rlj ft fc JSC. tt it „ 

[ 0 0 3 8 ] 

mi 0 6& s&vtzmmmifeikmm<z>m&k&Rttm?)mm{z.. m 1 m m m k la « l fc © t 
m - <r> * # x , # a » e , yvfc Kft^yntsu, ,&t/ft{t#y*A 

, !7 - 7° (wa rp) CLTfi2X 1 0 " 3 c m T* fco t„ - # , SB 1 * JS Id IE i& © « 
Jf ft: <£> a s-g r ownftltO I" ^ 9 j (wa r p) fi #3 4 X 1 0~ 3 cmk X'O^kX 

feofc;H^, m m m & & <d mm \z m & t> z mfa 1- z tc & (o ffi & m v z> t \c & v ^ r 

^ tr M S£ T' *g 8? L , ^lHJS0>Ji:|B]C<, i© !) yftl^^alliSrllJ LTii j£ 

HI © ft # y ? a & & s a> c> rgo j © /> & ^ x fls # y »^«ifta«Sr«JfiLfc. ^ © *g 

* - (Ha l l) i*ifS"Cffl^§tl5*t!)7SI^^8X 1 0"cm-' 

i o 5 c m - 2 1 m i m m m © m -a- ± 9 s k &m * r ^ . 

[ 0 0 3 9 ] 40 

( s& 3 * ik m ) 

$2*fi«tl^«©*fefffSLfcnf roi<t^!J CA^SSSl 0 7±(C, * © (1) 

~ (4) KfcE«Ott»)J»6 4 5*»iltMOCVDife-C*«jjt*S*-C, LEDffl^ 

© « S « it fls 1 1 £ )fc j£ L 0 

( 1 ) II (S i ) K-/On»«ft*y ?Aa»f)45T»?5y KI1 0 8, (2)S 
i K <D n MlHttf y * ^ • 4 is i? 9 A (Gao.soIno.2oN) b ft 5 38 3fc 

Jf 1 0 9 , 

(3) 7 V K-/fnf©f tftO!)>ftlS^f.4 5IiKil 1 10, fitf (4) 

^ * >> r> a (Mg) K-^©p^tfl2#!) >>Aii^4 5±Si? 7 y Kg 1 1 1. 

TSI^7 5- Ki 1 08*fttn»GaNiO^t!)7iltt«2x 1 0 18 c m ~ 3 "C , 50 
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mm ( = t ) 118 3 2 0 nmHf: o ^;feJfl0 9(i*^"T&*^89X10 ,7 cm 
~ 3 -e@S:^^i8 0nm(7)n?KC0Gau.8oI n,. joNl^bi* Ifc, g£ IS B£ 
it Jl 1 1 Oli^rt y 78S^87 X 1 0 ,7 cm' :, T'iJ|^ftl 2 nmOn^OBPjf 
£ U o * it , ±8U^ 7 ^ Ki 1 1 1 Sr/it p«G a Nflj:, y 7|**»5 x l 0 

I7 c m " 3 S J? 7)S 8 0 n m £ L Ac 0 
[ 0 0 4 0 ) 

l©**i©±»^7y Kil 1 1 (O * ffct £fl s tftfcftl. 4X l 0 " 2 
cmiri-S^"— ^5/^ (Ohm i c) tt^pgt-; y^tSl 1 2S:EBLt, p ff2 
— 5 * * « « 1 1 2 13. 7 ^ Ki 1 1 ll:8»t5«^ift^^^Hf:N i O 

(au) ti*ii^?)»^ifc„ $ fc, niift^/y n^ssti o 7(oiB(7)K 

^ ffi K tt , n M<D * y ? mm 1 1 3 Sr»*Lfc. n M <D * — * y # Mfe 1 1 3 (i . S 

fil0 7|dSf5«7;l/^!?A (Al) ^ lf:A 1 / (Ti) / & (Au) (O 

3JB«3ftd>b«*Ufc. * K * - 522 £ 8 3 . 5X1 0" 2 c m ^ t 7. ^ Ct 

Irl, H 3©»ffi«aHlu/Tt p nS^Sy^^^TO (DH) 1SigO^)fegii^*i t5 L 
ED 1 2 Sri^Lfco 
[ 0 0 4 1 ] 

p M* — S'^lil 1 2St/n|t-;^ISl 1 3 IB W * [fil 2 0 ^ UT^-< 
T ( m A ) COHIS^^]®g£^ilg£b, LED1 2t»3tS*fc, # b tl fc * 3t #tt S: » T 

(a) 3£ 3fe & fi 440nm 

(bjSSft^^^h/U^ffiffiCFWHM) 0.3^U^hn^^/l.h(eV) ( c ) 
ft ^ ( 9- y -f tt tt ) 1- 7X10" 2 !7^ (W) 

( d ) jig * f6] m JE (1*1^118 2 0 m A^f) 3 . 2 3jwU b ( V ) 

(e) i£ ;£f fa ® J£ ( i£ fa ® §S 1 0/xAB*) 1 2V 
ftC, 8 1 X 1 0 5 c m- 2 ^fefi«tCitV^G a N *£ B B 0 £ ffi £ ffl ^ fc . 
» iE ^ & (1 oca 1 breakdown) tt » ^ «t < . £^LT&#fcBEi«ttaS38ff 
$ ix , MR * [6] m JE , f *i^tffl:^7y^©4v>iS-4LED3JSSfi©4ffi^b»5>iifc 

o 

[ 0 0 4 2 ] 

[ ^ 91 co $i A ] 

as*gis«[±c^itfc* a B a f i« y > <k m m m a s . ift^fy ^ai^^i^^lt 
j* * £ * «: » si <d m. it # v <?j*&£i,m&mm-rtii£, m & m m » * $ £ m <d & » * m 

[ 0 0 4 3 ] 

* , <£ 4E ffi « S co m it # V ^AttS«ffiSr*Uffl-Mxtf, iEE^ftOftv^fiS 
[ El ffi to fS ¥ ft tt W 1 

[m i ] s& i *ifc«fc«s«jf*©*rB*5*;ia-c*>s.,. 

[ni2] m 2 mnmK & zmmizm&nv izmm&i&&&m<D mm z>. 

im 3 ] fS33fcS6«fc:««LED«>»ffi«3:B-efc*. 

[ # ui m ] 
i o ti» 

i i l e n mmmmmmfr 

12 LED 

ioi givMSii 

10 2 ^£f| 

103 v ^itmm&&m 

104 ift^pntsii 

105 t fb#y ^ Atesi 

10 6 $E 
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10 6a mc»9t%liU 
10 6b m <D $t 4>I 

io6c g$ 9 & o m<r>mm 

107 mittf V <> A «Ps S 4£ 

108 n»Ift*HAT»*?y Kl 

1 09 n»*{t;tf!J*A->r:'^*A**Ji 

i i o n^y>{bfflB*^%E5itg 

111 pflfk^f U nifli^y Ki 

112 p J&yf— S y * S 

113nJB*— 10 



[Si] 

105^ 
1 04 
103 

1 02 4fc 



[ HI 2 ] 



JLQJL 



1 06b— 
(-4X1 O-'om) 1 ! /j " 



1 0 



( 



106a 



1 06 



106 



106 



r — j — i" — r— i 

1 106c 1 106c 1 
( — 0- 5cm) ( — 0. 5cm) 



[ m 3 ] 




1 1 3 



|-*— 3.5X10" c» *| 



